Objective: How a healthy lifestyle intervention changes the frequency and duration of daily moderatevigorous physical activity and sedentary behavior has not been well characterized. Secondary analyses of data from the Make Better Choices randomized controlled trial were conducted to evaluate how interventions to increase physical activity or reduce leisure screen time affected the frequency and duration of these behaviors during treatment initiation and follow-up. Method: Participants were 202 adults who exhibited insufficient physical activity, excessive screen time and poor diet during a 14-day baseline screening period. The design was a randomized controlled trial with a 3-week intervention period followed by eight 3-to 7-day bursts of data collection over the 6-month follow-up period after intervention termination. Participants self-reported on their physical activity and screen time at the end of each day. Results: A 2-part multilevel model indicated that, relative to baseline levels, the physical activity intervention increased the odds of daily moderate-vigorous intensity physical activity (frequency) but not the duration of activity during the intervention period and these effects persisted (albeit somewhat more weakly) during the follow-up period. The screen time intervention reduced both the frequency and duration of daily screen time from the beginning of the intervention through the follow-up period. Conclusions: A 3-week intervention increased daily physical activity frequency but not duration, and reduced both the frequency and duration of daily leisure screen time. These effects were maintained over 20 weeks following the end of the intervention.
Physical activity and cardiorespiratory fitness reduce risk for premature mortality from noncommunicable diseases including cardiovascular disease, diabetes, and some cancers (Physical Activity Guidelines Advisory Committee, 2008) . However, less than 50% of American adults report that they meet national physical activity guidelines, which prescribe either 75 min of vigorousintensity or 150 min of moderate-intensity aerobic activity in addition to twice weekly muscle strengthening activities on all major muscle groups (Carlson, Fulton, Schoenborn, & Loustalot, 2010) . Accelerometer data suggest that the scope of inactivity in the United States may even be an order of magnitude greater . Whereas insufficient moderate-vigorous physical activity (MVPA) is one form of physical activity risk behavior, adult Americans also spend more than 50% of their time engaged in sedentary behaviors which further increases their risk for premature mortality from chronic disease (Biswas et al., 2015; Matthews et al., 2008; de Rezende, Rodrigues Lopes, Rey-López, Matsudo, & Luiz, 2014) . One of the most common and modifiable forms of sedentary activity is time spent in front of a TV or computer screen. Sedentary behavior pattern is one component of a broader syndrome of multiple clustered diet and activity chronic disease risk behaviors that is prevalent among western adults (e.g., consuming too many saturated fats, eating too few fruits and vegetables; Spring et al., 2014; Spring, King, Pagoto, Van Horn, & Fisher, 2015; Spring, Moller, & Coons, 2012) . Adults with multiple behavioral risk factors are a priority population for preventive intervention because reducing a single risk behavior in these populations may have ripple effects that reduce other risk factors, thus cost-effectively improving health (Wilson, 2015) . The current study examined how a multiple-behavior change intervention targeting several unhealthy diet and activity behaviors specifically affected MVPA and sedentary leisure screen time, in a sample with multiple behavioral risk factors. A question of particular interest was how participants adapted the frequency and duration of their MVPA and screen time in response to the intervention.
Contemporary lifestyle behavior change interventions are frequently guided, either explicitly or implicitly, by conceptual models from both control theory and social-cognitive theory. According to control theory, people set goals and then monitor, evaluate, and regulate their behavior to minimize discrepancies between the intended and actual behavior (Carver & Scheier, 1982 , 1998 . These negative feedback loops require effort to initiate unfamiliar or challenging behaviors but such change should become easier as a person gains experience and accumulates success at regulating their behavior around specific goals. These mastery experiences also shape people's beliefs about their own capacity to enact desired lifestyle behaviors. Enhancing these self-efficacy beliefs is critical to behavior change in social-cognitive theory because they can influence behavior directly and indirectly (e.g., by promoting relevant goals or strengthening the effects of outcome expectations; Bandura, 1989 Bandura, , 2004 . Based on the mechanisms of behavior change outlined in these theories, contemporary interventions frequently incorporate techniques such as goalsetting, self-monitoring, prompting, barrier identification, and social support to support motivation for lifestyle behavior change (Michie, Abraham, Whittington, McAteer, & Gupta, 2009) .
Even with theory-driven behavior change techniques, deeply engrained behaviors can be resistant to change. A failure to engage people in these effortful behavior change processes presents a fundamental barrier to change. Engagement with behavior change techniques can be enhanced with financial incentives (Gingerich, Anderson, & Koland, 2012) . Such incentives are generally accepted and have shown promise for initiating behavior change (Giles, Robalino, McColl, Sniehotta, & Adams, 2014; Giles, Robalino, Sniehotta, Adams, & McColl, 2015) . Financial incentives are often not sustainable long-term and effects typically disappear after removing the incentives (Mantzari et al., 2015; Mitchell et al., 2013) . For that reason, it may be best to deploy financial incentives as a short-term strategy for engaging people in effortful self-regulation and improving health behavior.
An illustrative intervention derived from these findings to increase physical activity and reduce leisure screen time was the multiple-behavior change Make Better Choices intervention (Spring et al., 2010) . This trial incorporated features such as progressive goal setting, self-monitoring with feedback, and behavior coaching. The primary outcome from this trial was a Composite Diet-Activity Improvement Score based on four diet and activity behaviors considered in aggregate. This composite measure improved most for participants who received interventions to increase fruit-vegetable intake and reduce screen time (Spring, Schneider, et al., 2012) . Although the effect of interventions on individual health behaviors, such as physical activity, was plotted, it was not examined with inferential tests. Hence, the present study provides a more granular test of the nature of intervention effects on within-person changes in physical activity and leisure screen time as participants progressed from baseline through the intervention phases and through a 5-month follow-up phase.
Several unique characteristics of the Make Better Choices trial shaped our evaluation. First, because participants recorded their physical activity and leisure screen time daily, the resulting stream of intensive physical activity data invites tests of within-person changes in behavior from the baseline phase through the intervention and follow-up phases. This approach can thus estimate average intervention effects on person-specific behavior change (as opposed to changes in group average behavior). Modeling daily behavior instead of average behavior during a phase also permits us to control for established weekday-weekend differences in physical activity and total sedentary time Conroy, Maher, Elavsky, Hyde, & Doerksen, 2013) . The sensitivity of this approach to within-person behavior change provides a window into phase-specific intervention effects for individual participants rather than the statistically constructed average person who may not resemble any actual people in the study.
Second, whereas many activity-related interventions focus on a global behavioral outcome (e.g., total volume of physical activity or total duration of sedentary behavior), the daily data collected in the MBC trial afforded an opportunity to differentiate between two dimensions of behavior: frequency and duration. This distinction is important for lifestyle physical activity interventions where the level of behavior is prescribed but not closely supervised in-person. The complexity of physical activity enables people to change their behavior in a variety of ways in response to an intervention yet little is known about the ways in which people actually modify their behavior in lifestyle interventions. Evaluating whether daily behavior changes in frequency, duration, or both is essential for understanding intervention effects and optimizing dose-response relations with health outcomes. With respect to sedentary behavior, the limited research on intervention efficacy has focused on total sedentary behavior without regard to the patterning of this behavior over time. This study will provide new insights into how people adapt when attempting to increase physical activity or reduce leisure screen time.
The Make Better Choices interventions for physical activity and sedentary behavior involved goals of increasing MVPA to at least 60 min per day or decreasing leisure screen time to less than 90 min each day. Participants who were assigned the goal of increasing MVPA were asked to increase both the frequency and duration of their MVPA. The physical activity intervention was hypothesized to increase the frequency and duration of daily physical activity, as compared to baseline, during both the intervention and follow-up phases of the trial. Likewise, because the sample consistently engaged in high levels of screen time, participants given the goal of decreasing screen time were advised both to decrease the daily duration of screen time and to increase the days with no screen time by substituting other activities. Three weeks of daily self-monitoring, graded goals, feedback, coaching, and incentives may suffice to plant the seeds for behavioral maintenance so we hypothesized the intervention would reduce both the daily frequency and duration of leisure screen time, relative to baseline levels, and that improvements would be maintained during the follow-up period. In testing these hypotheses, we controlled for time-varying characteristics (e.g., day of the week, day in the study) and time-invariant characteristics (e.g., age, sex, estimated household income, education, minority status, body mass index) that are associated with physical activity and sedentary behavior. The primary outcomes for this analysis were self-reported so we also controlled for individual differences in social desirability response bias.
Method Participants
The MBC sample included 204 adults who responded to community advertisements and had all of four behavioral risk factors (i.e., Ͻ5 fruit/vegetable servings/day, Ͼ8% saturated fat intake, Ͻ60 min/day MVPA, and Ͼ90 min/day screen time). Participants were randomized to one of four treatments, each of which involved both an activity intervention (either to increase physical activity or decrease leisure screen time) and a dietary intervention (either to increase fruit/vegetable consumption or decrease saturated fat intake). Study candidates were excluded if they had unstable medical conditions, current eating or substance use disorder, current suicidal ideation, or weighed more than 300 lbs. Daily data from two cases randomized to increase physical activity were lost during a laboratory move, leaving 202 participants for analysis. As seen in Table 1 , the average participant was an overweight, young to early midlife adult with a household income that would be considered middle class. The sample was mostly female (76%) with a balance between White (45%) and non-White (55%) races, and a variety of educational attainments ranging from not completing a bachelor's degree (30%) to completing a graduate degree (26%). Full details about sample characteristics were reported by .
Procedures
Study procedures were outlined in detail by Spring et al. (2010 . Briefly, participants completed a 2-week baseline phase during which they used a handheld electronic device to record dietary intake and provide end-of-day reports on their physical activities and leisure screen time. At the end of the baseline phase, participants who consistently exhibited all four lifestyle risk behaviors were stratified by sex and randomized to an intervention condition. Each intervention involved two phases (for specific details on the intervention, see Spring et al., 2010) . In the first week (half-goal phase), coaches worked with each participant to set a behavior change goal halfway between their baseline level and the ultimate goal. This proportional initial goal allowed for early successes as behavioral skills were gradually shaped. Early successes that support the formation of efficacy beliefs were considered essential because the study population struggles with multiple health risk behaviors and was provided only a limited intervention period to build self-efficacy. Once participants attained the half-goal level, coaches raised goals to the full level for the final two weeks of the intervention period (full-goal phase). The full activity goal was Ն60 min of MVPA daily for those asked to increase activity or Ͻ90-min leisure screen time daily for those asked to decrease sedentary leisure. For example, a participant randomized to increase activity who had no minutes of MVPA during the baseline phase would be instructed to engage in 30 min of MVPA daily during the half-goal phase and to increase to 60 min daily during the full-goal phase.
Participants continued to self-monitor and electronically record and transmit to their coach at the end of each day the type and duration of all physical activities and leisure screen time throughout both the half-goal and full-goal phases of the 3-week intervention period. Coaches referred to those data in weekly coaching calls when they provided supportive accountability, encouragement and help in planning how to cope with anticipated barriers. To fully engage participants and motivate them to change behaviors, financial incentives were offered to participants who met their daily behavior change goals (either by modifying frequency, duration, or both) and uploaded data during the half-goal phase ($175 total; Spring et al., 2010) .
At the end of the intervention period, participants completed eight bursts of data collection over the next 20 weeks (follow-up phase). These bursts were scheduled for 7 days immediately after the intervention ended, 3 consecutive days in (a) each of the next 2 weeks, (b) every other week for Weeks 4 -9, and (c) monthly until the end of the follow-up period. During data collection bursts, participants engaged in self-monitoring but received no behavioral feedback, coaching or performance-contingent financial incentives. Financial incentives during this phase were offered to participants who uploaded data during each follow-up phase ($30 -$80/week; Spring et al., 2010) . All procedures were approved by the Institutional Review Boards at the University of IllinoisChicago and Northwestern University.
Measures
The duration of daily physical activity and leisure screen time were assessed with an end-of-day 24-hr activity log. Regardless of intervention condition, participants accounted for their physical activity and leisure screen time during each 15-min block of the day by selecting activities from the Compendium of Physical Activities (Ainsworth et al., 2000) . Valid responses were encour- Note. MVPA ϭ moderate-vigorous physical activity. Frequency of physical activity and screen time codes indicated the complete absence of the behavior (0) or a nonzero level of the behavior (1). This document is copyrighted by the American Psychological Association or one of its allied publishers.
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aged using a bogus pipeline method that involved collecting urine samples and having participants wear an accelerometer (Actigraph 7164; Actigraph, LLC, Pensacola, FL) during the baseline and intervention (but not follow-up) phases of the trial with the explanation that the biomarker and sensor data would be used to validate self-reported diet and physical activity scores (Roese & Jamieson, 1993) . Self-reports were selected as the outcome for this study for several reasons. First, self-reported MVPA and sedentary data were the metrics participants used to self-regulate their behavior because at the time of the study, it was not possible to transmit accelerometry data to the handheld self-monitoring device in real time. Second, accelerometers were not used during the follow-up period. Third, accelerometers are not able to differentiate the targeted sedentary behavior (i.e., leisure screen time) from other forms of sedentary behavior. The threat of socially desirable response bias was controlled statistically by using the 33-item Marlowe-Crowne Social Desirability Scale (Crowne & Marlowe, 1960) . Participants rated items as being true (0) or false (1) for them; scores were calculated by averaging responses (after reverse-scoring relevant items) so that higher values indicated a greater tendency to respond in a socially desirable manner.
Data Analysis
Daily activity logs were filtered to remove time spent in lightintensity physical activity and work-related screen time. The resulting score distributions were severely (positively) skewed because of the high frequency of days, across all groups and phases of the trial, during which participants reported either no MVPA or no screen time (see Results for details). To separate the processes that generated these data, each daily score was recoded as two variables: a binary variable indicating whether the participant reported engaging in any of the behavior that day (e.g., days with no physical activity/screen time were coded as 0 and days with any physical activity/screen time were coded as 1) and a continuous variable representing the duration of daily physical activity or leisure screen time. The latter variable was log-transformed to normalize the distribution, and values were set to missing when the participant reported no physical activity or leisure screen time for the day.
The four intervention groups were recoded as two directional goals on two experimental factors representing activity and diet interventions, respectively. For the physical activity model, groups of participants who received the increase physical activity and decrease sedentary behavior interventions were coded as ϩ1 and Ϫ1, respectively. For the screen time model, those codes were reversed to facilitate interpretations. For both models, groups of participants who received the increase fruit/vegetable consumption and decrease saturated fat consumption were coded as ϩ1 and Ϫ1, respectively. We calculated the interaction between these two experimental factors to represent the combination of activity and diet interventions.
Daily physical activity and leisure screen time scores were nested within participants. Consequently, multilevel mixed models were estimated to adjust for dependencies inherent in having repeated observations from each participant (Snijders & Bosker, 1999) . Using the two-part random-effects model described by Olsen and Schafer (2001) , the frequency of each behavior was modeled as the odds of a person reporting any amount of the behavior on a given day, and the duration was modeled as the number of minutes spent in the behavior (on days when the individual reported engaging in any amount of the behavior). By modeling these outcomes simultaneously, it was possible to maximize information about how the intervention changed behavior. Both outcomes were regressed on a common set of within-and between-person predictors. At the within-person level, both frequency and duration were regressed on a series of dummy variables that represented the days of the week and the intervention phase. Wednesday and Sunday were set as the reference categories in the physical activity and screen time models, respectively, because they had the lowest overall levels of physical activity and greatest screen time. The three dummy variables that represented the intervention phase were half-goal, full-goal, and follow-up; baseline served as the reference category. The three phase variables had random effects for both outcomes. At the betweenperson level, the average frequency and duration scores were regressed on demographic characteristics (e.g., age, sex, body mass index, income, education, and minority status), social desirability, and three variables representing the two intervention factors (activity, diet) and their interaction. The slopes for the three intervention phases were regressed on the three variables representing the two intervention factors and their interaction. Covariances were estimated between the slopes for the intervention phases. Table 1 summarizes demographic and behavioral characteristics of the sample.
Results

Daily Physical Activity
Participants provided physical activity data on a mean of 63.9 days (SD ϭ 3.6, range ϭ 49 -102) for a total of 11,971 persondays. Across all groups and phases of the study, participants reported spending no time engaged in MVPA on 4,058 days (33.9%).
The two-part model of physical activity was first estimated with the full set of covariates described above. When nonsignificant covariates were removed, conclusions about intervention effects remained identical. For presentational clarity, Table 2 presents coefficients from the reduced model. Coefficients on the left side of this table were based on covariates of physical activity frequency; coefficients on the right side of this table were based on covariates of physical activity duration.
Frequency of physical activity. The first key finding from this study was that participants who received the intervention to increase physical activity were significantly more likely to engage in physical activity during the half-goal (odds ratio [OR] ϭ 2.69), full-goal (OR ϭ 3.42), and follow-up phases (OR ϭ 1.63) than during the baseline phase. The diet intervention was not associated with physical activity frequency during any phase (nor did it moderate effects of the activity intervention).
Additional coefficients in the model indicated that participants in the condition that targeted both increased physical activity and decreased saturated fat consumption reported the least frequent baseline physical activity. Individual differences in age, sex, race, This document is copyrighted by the American Psychological Association or one of its allied publishers.
body mass index, income, education, and socially desirable response bias were not associated with physical activity frequency. The odds of engaging in physical activity on any day were unassociated between the half-goal and both full-goal and follow-up phases. Participants who increased physical activity frequency most in the full-goal phase had the greatest increases in physical activity frequency during the follow-up phase (covariance [cov] ϭ 0.59). At the within-person level, participants were more likely to report physical activity during the full-goal (OR ϭ 3.19) and follow-up (OR ϭ 1.68) phases than baseline. Participants also were more likely to engage in physical activity on Thursdays (compared to Wednesdays; OR ϭ 1.38). Duration of physical activity. The second key finding from this study was that the duration of daily MVPA increased as a function of the physical activity intervention during the full-goal phase (␥ ϭ 0.12) but not during the half-goal or follow-up phases. The diet intervention did not affect physical activity duration at any phase (nor did it moderate effects of the activity intervention).
Additional coefficients in the model indicated that participants who increased their physical activity duration most in the half-goal and full-goal phases had the greatest increases in physical activity duration during the full-goal (cov ϭ 0.09) and follow-up phases (cov ϭ 0.10), respectively. Changes in physical activity duration in the half-goal and follow-up phases were not associated. Participants with high social desirability scores reported longer daily PA duration (␥ ϭ 0.72); no other individual differences were associated with the daily physical activity duration. At the within-person level, the duration of activity reported was longer in the half-goal (␥ ϭ 0.14), full-goal (␥ ϭ 0.20), and follow-up phases (␥ ϭ 0.16) than the baseline phase. Participants also reported longer physical activity duration on Saturdays (␥ ϭ 0.26) and Sundays (␥ ϭ 0.19; compared to Wednesdays).
Summary of physical activity effects. Figure 1 presents observed data on daily physical activity frequency and duration for the groups assigned to increase physical activity and reduce screen time. These plots illustrate that the activity intervention increased the frequency of daily physical activity considerably (ϳ50% increase in daily engagement by the full-goal phase) but had a small, transient effect on activity duration (Ͻ20% increase by the fullgoal phase, which disappeared at follow-up). This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Daily Screen Time
Participants provided screen time data on a mean of 63.9 days (SD ϭ 3.6, range ϭ 49 -102) for a total of 11,999 person-days. Across all groups and phases, participants reported having no screen time on 1,562 days (13.0%).
The two-part model for screen time was first estimated with the full set of covariates described above. When nonsignificant covariates were removed, conclusions about intervention effects remained identical, so Table 3 presents coefficients from this reduced model. Coefficients on the left side of this table were based on covariates of screen time frequency; coefficients on the right side of this table were based on covariates of screen time duration.
Frequency of screen time. The third key finding from this study was that participants who received the screen time reduction intervention were significantly less likely to report any screen time on any given day during the half-goal (OR ϭ 0.72), full-goal (OR ϭ 0.52), and follow-up phases (OR ϭ 0.63; i.e., they decreased the frequency of days with leisure screen time relative to baseline). The diet intervention was not associated with changes in the frequency of daily leisure screen time during any phase (nor did it moderate effects of the screen time intervention).
Additional coefficients in the model indicated that participants in the condition that targeted increased physical activity and decreased saturated fat intake reported the least frequent baseline screen time. Participants with a college education reported more days with leisure screen time than those without a college education (OR ϭ 1.55). Participants who reduced daily screen time frequency in the half-goal phase reduced daily screen time frequency during the full-intervention (cov ϭ 0.30) and follow-up phases (cov ϭ 0.38). Likewise, participants who reduced daily screen time frequency in the full-intervention phase reduced daily screen time frequency in the follow-up phase (cov ϭ 0.69). No other between-person individual differences were associated with daily leisure screen time frequency. At the within-person level, participants reported less frequent daily leisure screen time during the half-goal (OR ϭ 0.59), full-goal (OR ϭ 0.54) and follow-up phases (OR ϭ 0.47; compared to baseline) and from Tuesday through Saturday (OR Յ 0.79; compared to Sundays).
Duration of screen time. The fourth key finding from this study was that participants who received the intervention to reduce sedentary behavior decreased their duration of daily screen time during the half-goal (␥ ϭ Ϫ0.28), full-goal (␥ ϭ Ϫ0.32), and follow-up phases (␥ ϭ Ϫ0.23). The diet intervention was not associated with screen time duration in the half-goal or full-goal phases but participants who received the intervention to increase fruit/vegetable consumption increased screen time during the follow-up phase (␥ ϭ 0.06). The diet intervention did not moderate effects of the activity intervention on screen time at any point in time.
Additional coefficients in this model indicated that women (␥ ϭ Ϫ0.25) and participants with strong social desirability scores (␥ ϭ Ϫ0.35) reported less screen time. Participants who reduced the duration of daily screen time in the half-goal phase reduced screen time duration during the full-intervention phase (cov ϭ 0.08). Likewise, participants who reduced daily screen time duration in the full-intervention phase also reduced screen time duration in the follow-up phase (cov ϭ 0.04). Changes in screen time duration during the half-goal phase were not associated with changes in the follow-up phase. At the within-person level, participants reported less screen time during the half-goal (␥ ϭ Ϫ0.39), full-goal (␥ ϭ Ϫ0.48) and follow-up phases (␥ ϭ Ϫ0.32; compared to baseline) and from Monday through Saturday (␥ Յ Ϫ0.09; compared to Sunday).
Summary of screen time effects. Figure 2 presents observed data on daily leisure screen time frequency and duration for the groups assigned to reduce screen time and increase physical activity. These plots illustrate that the screen time intervention both reduced the frequency (ϳ15% reduction by the full-goal phase) and duration (ϳ50% reduction during the full-goal phase) of daily screen time. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Discussion
The Make Better Choices study established the effects of lifestyle behavior interventions on both daily MVPA and daily leisure screen time. This study was novel in its use of daily outcome data to differentiate between the frequency and duration of each targeted activity behavior. The frequency of daily MVPA increased for participants exposed to the intervention designed to increase lifestyle MVPA, and these effects were maintained over 20 weeks after the end of the intervention, even after incentives based on goal attainment were stopped. Prioritizing increased frequency over intensity or duration is an ideal strategy for initiating increased physical activity because it minimizes the risk of adverse events (Powell, Paluch, & Blair, 2011) . Frequency is commonly interpreted as an indicator of exercise adherence (Bollen, Dean, Siegert, Howe, & Goodwin, 2014) . When the behavior is performed in a consistent context, behavioral frequency also contributes to habit formation (Wood, Quinn, & Kashy, 2002) . Increasing the frequency of regular MVPA may serve as a high-priority behavior change outcome because it offer a means to establish habits and maintain initial behavior changes.
The duration of daily physical activity increased slightly during the full-goal phase; however, similar change occurred for the group targeting reduced sedentary behavior. We concluded that the intervention did not increase daily physical activity duration. As shown in Figure 1 , when participants reported physical activity during the baseline phase, they reported durations around 100 min/day, which is well in excess of the 60-min/day intervention target. In hindsight, the 60-min/day goal would not be expected to increase duration. Goal setting is most effective when the aspirational level for behavior is moderately high (McEwan et al., 2016) . Participants in the current trial may have needed a goal of Ͼ100 min/day to see an increase in duration, yet it is fair to question whether it would even be desirable to increase the duration of daily MVPA given that such change could have the unintended conse- This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
quence of increasing risk for adverse events (Powell et al., 2011) . The present intervention employed a prudent approach by increasing frequency so participants had an opportunity to adapt to the increased training load. Future work should draw on baseline assessments to tailor goals based on established individual behavioral patterns and ensure safety of such goals.
The analytic approach applied here distinguished between two components of behavioral volume-frequency and duration. This analytic innovation revealed the specific behavioral adaptations made in response to the lifestyle interventions-adaptations that have historically been poorly understood despite their relevance for learning how to prescribe exercise regimens that optimize dose-response relations with health outcomes. For example, a recent review indicated that increasing the frequency of MVPA consistently increases energy expenditure and weight loss whereas the effects of increasing the duration of MVPA are more equivocal (J. Li, O'Connor, Zhou, & Campbell, 2014) . Likewise, increased frequency of MVPA has been associated with decreased systemic inflammation whereas the increased physical activity duration has not (Loprinzi, Lee, & Cardinal, 2014) . Indeed, accumulating evidence suggests that bout duration is not associated with cardiometabolic risk (Loprinzi & Cardinal, 2013) . Thus, the intervention that this study implemented to increase physical activity appears to be well-positioned to achieve several valuable health impacts because it stimulated an enduring increase in the frequency of MVPA. The observed effects were sufficient to move a person who was engaging in 30 min/week of MVPA to satisfying the aerobic activity requirements in national guidelines. At the risk of extrapolating well beyond our data, meta-analyses on doseresponse relations between physical activity and health outcomes indicate that a person who previously engaged in 30 min/week of MVPA could significantly reduce their risk for diabetes, heart failure, coronary heart disease, all-cause cardiovascular mortality, and cancer mortality if they maintained the behavior change engendered by this intervention (Aune, Norat, Leitzmann, Tonstad, & Vatten, 2015; T. Li et al., 2015; Nocon et al., 2008; Pandey et al., 2015; Sattelmair et al., 2011) . The analytic strategy applied to model frequency and duration was appropriate for daily MVPA because of its zero-inflated distribution. This strategy may be less relevant for modeling daily light physical activity which is more likely to be normally distributed.
Leisure screen time is a major component of adults' nonobligatory sedentary behavior (Owen et al., 2011; Tudor-Locke, Johnson, & Katzmarzyk, 2010) . The intervention to reduce leisure screen time was effective in reducing both the frequency and duration of leisure screen time. Relative to baseline, these intervention effects were evident across the entire intervention period and into the follow-up assessments even after participants stopped receiving incentives for reaching their goals. Previous work has focused on the total duration of sedentary time without distinguishing the daily patterns of behavior (Martin et al., 2015) . This study extends the literature by clarifying the manner in which participants adapted their leisure screen time in response to a lifestyle intervention.
All participants were assigned to receive an intervention intended either to increase their MVPA or to reduce their leisure screen time. Because there was no inactive control group, it is important to consider whether the sedentary behavior intervention may have influenced the physical activity outcomes or vice versa. That is unlikely because neither analyses of the MBC trial data (Schneider et al., 2016; Spring, Schneider, et al., 2012 ) nor findings by others (Owen, Healy, Matthews, & Dunstan, 2010) revealed evidence that physical activity substitutes for sedentary behavior or vice versa. Time that would have been allocated to leisure screen time is more likely to be reallocated to light physical activity than to MVPA. It remains possible that as decreasing sedentary leisure increases light physical activity, the expected path of behavioral substitution, increased light physical activity may prove to be a gateway toward future increases in MVPA. To date, this gateway hypothesis has received little attention.
Neither dietary intervention had any effect on MVPA or leisure screen time. Even though change in untargeted health behaviors as This document is copyrighted by the American Psychological Association or one of its allied publishers.
a consequence of change in behaviors targeted by an intervention is a robust phenomenon (Spring, Moller, et al., 2012) ; these results suggest that the dietary changes targeted here did not spillover to impact nondietary outcomes. Further work is needed to identify optimal behavior change goal bundles that enable interventions to maximize positive complementary and substitutive behavior changes to improve health. This study has some noteworthy limitations. First, the outcome measure was self-reported and that method is vulnerable to threats from both social desirability and cognitive biases (particularly with payments contingent on goal attainment in the intervention phase). Although a bogus pipeline was instituted in the design to reduce the threat of social desirability it is unknown how effectively this feature minimized bias. The threat of cognitive biases was partly controlled by modeling within-person responses to the interventions; however, future work with objective outcome measures would be valuable. Notwithstanding these threats, the maintenance of behavior change in the follow-up period when payments were solely based on data submission strengthens our confidence in results from the intervention phase. Second, many additional aspects of physical activity were not captured by the outcomes of activity frequency and duration. Additional complexities of physical activity behavior that warrant investigation include activity type, whether the activity was accumulated in single or multiple bouts throughout the day, light physical activity, and total energy expenditure. Understanding how these characteristics change in response to a lifestyle intervention would be valuable in future research. Third, although this study provided detailed insight into how people adapt their behavior to a lifestyle intervention, it did not reveal how physical health is affected by the observed behavior changes. Specifically, it is not clear whether the increased frequency of MVPA or the decreased frequency and duration of leisure screen time produced by the interventions translated into clinically meaningful changes in biomedical outcomes. Fourth, even though both activity interventions were efficacious in changing behavior, it was not clear which intervention components drove those effects. It is possible that some intervention components (e.g., graduated goal-setting, self-monitoring, behavioral feedback, efficacy enhancement, financial incentives) were inert and could be removed to reduce cost or burden in future implementations without reducing the magnitude of behavior change. Finally, the financial incentives used to engage participants in behavior change were not extravagant in relation to many current employee wellness incentives but they may nevertheless not be feasible in all contexts. Moreover, if deployed in a controlling manner, these incentives may crowd out or undermine intrinsic motivation and reduce maintenance of health behavior change.
In sum, this study provided new insights into how people adapt their behavior in response to a lifestyle intervention by illuminating the ways in which participants responded to the interventions on a daily basis. The Make Better Choices interventions increased the frequency (but not duration) of MVPA and decreased both the frequency and duration of leisure screen time. Behavior change was maintained, albeit it at a somewhat attenuated level, through the 20-week follow-up assessment. These results lead to the conclusion that the interventions were efficacious for stimulating long-lasting lifestyle behavior change while minimizing risk.
